Background and objectives: Vascular calcification (VC) has a significant effect in cardiovascular diseases on dialysis patients. However, VC is assessed with x-ray-based techniques, which do not inform about calcium localization (intima, media, atherosclerosis-related). The aim of this work is to study VC and its related factors using arterial ultrasound to report the exact location of calcium.
V ascular calcification (VC) is responsible for the higher prevalence of cardiovascular disease (CVD) in chronic kidney disease (CKD) patients (1) . Consequently, early detection of VC is relevant and affects incidence of CVD (2) . VC has been described as a patchy-like and/or a linear calcification that corresponds to intima (atherosclerosis-related) and media calcification (related to calcium/phosphorus disturbances), respectively (3) . Currently, there are several diagnostic techniques for the identification of VC in the clinical practice, including plain x-ray (4, 5) , coronary calcium score (6) , and echocardiography (7) . However, these techniques have limitations, and none of them is able to clearly identify the exact location of calcium in the artery wall (calcified atheroma plaque, intima or media). Furthermore, there is a current debate about the location of calcium in the artery wall and their clinical implications (8, 9) . Recently, Nakamura S et al. (10) reported a study of 102 CKD patients who died of CVD. Calcified plaques and intima calcification were the most prevalent coronary abnormalities. Conversely, only 7 patients out of 102 (6.8%) presented VC in the media, all of them at advanced stages of CKD.
Arterial ultrasound is the only technique able to differentiate the layers of the artery wall and the presence of calcium, and to quantify the burden of atherosclerosis in a noninvasive and reliable way (11) (12) (13) .
The aim of the work presented here is to study VC and its related factors in dialysis patients using arterial ultrasound (carotid, femoral and brachial arteries) to report the exact location of calcium.
Materials and Methods

Design
This is an observational, cross-sectional, case-control study. We analyzed patients under hemodialysis or peritoneal dialysis from four different dialysis centers. As controls, we used data from a healthy population that was age and sex matched without CVD and normal kidney function (GFR Ͼ 60 ml/min) (14) . All of the participants in the study underwent the same carotid ultrasound protocol. Images were centrally analyzed offline in the core laboratory.
The local ethics committee of the Hospital Universitari Arnau de Vilanova approved the studies and informed consents.
• Carotid ultrasound: This exam was used to measure carotid intimamedia thickness (cIMT) to identify the presence of carotid plaques according to the Mannheim consensus (17) and to identify and localize VC. The far wall of the common carotid, bulb, and internal carotid arteries were scanned. We analyzed the presence/absence of calcium in the artery wall (defined by the hyperintensity in the video signal), and the single reader (B.C.) identified the anatomic location of such calcifications (intima, media, type V atheroma plaques). We measured cIMT using the semiautomated U.S. Food and Drug Administration-approved software, SonoCalc IMT.
• Femoral ultrasound: In CKD patients, we performed femoral ultrasound with the aim to identify atheromatous plaques and VC. The common and superficial femoral arteries were scanned.
• Brachial artery ultrasound: A longitudinal image was recorded aimed at the identification of calcium in the artery wall or atheromatous plaques.
Data from carotid ultrasound were collected from both groups (dialysis and controls), whereas femoral and brachial ultrasounds were performed just in the group of patients in dialysis. Technicians and the expert reader did not have access to clinical, laboratory, or treatment details of participants.
Outcomes and Definitions
CVD. Presence of coronary heart disease (myocardial infarction, angina, or revascularization), cerebrovascular disease (stroke or transient ischemic attack), and peripheral artery disease were considered as CVD.
VC (Figure 1) . We considered the presence of VC when a type V plaque was identified (highly echogenic plaques producing bright white echoes with shadowing, Figure 1A ), or a linear echogenic hyperintensity was observed in the interphase lumen-intima (linear calcification, Figure 1B ) or in the interphase media-adventitia (media calcification, Figure 1C ). Therefore, we identified four possible VC patterns: type V plaque, linear calcification, media calcification, and no calcification.
Atherosclerosis Assessment
cIMT (mean value of the six territories explored) and the presence of plaques were used to assess atherosclerosis status. cIMT above 1.5 mm was considered as an atheroma plaque according to the Mannheim consensus (17) . 
Statistical Analyses
Results
General Characteristics of the Studied Population (Table 1) We included 232 patients on dialysis and 208 controls. Demographic, clinical, and laboratory results are displayed in the Table 1 according to group (dialysis versus controls) and, among those on dialysis, whether they suffered from previous CVD or not. Patients and controls were age and sex matched; however, dialysis patients with previous CVD were significantly older and the prevalence of men was significantly higher. Classical cardiovascular risk factors were more prevalent in the group of control subjects than patients on dialysis (higher values of systolic and diastolic BP, BMI, and higher concentrations of total and LDL cholesterol). However, patients on dialysis without previous CVD presented higher diastolic BP, HDL and LDL cholesterol, triglycerides, and glucose than those with previous CVD. In the group of patients on dialysis with previous CVD, the prevalence of diabetes mellitus was significantly higher than in the other groups. Furthermore, the group of dialysis patients presented higher inflammatory-related laboratory values than controls (higher concentration of CRP and lower albumin). cIMT was significantly higher on dialysis patients with previous CVD when compared with those without CVD and controls. Furthermore, the number of carotid plaques was significantly higher in the group with previous CVD than those without.
Main causes of ESRD were unknown (27.6%), diabetes (20.7%), and vasculorenal (17.2%), and we did not find differences in the time on dialysis between groups (with CVD versus no CVD).
Nearly half of the patients on dialysis were receiving statins 
Localization of VC
Carotid, femoral, and brachial ultrasound results are displayed in Table 2 . The prevalence of carotid calcification was significantly higher in the group of patients on dialysis (85.3%) than in control subjects (20.3%, P Ͻ 0.001). However, in both groups, the most prevalent pattern of carotid calcification was the linear calcification (107 patients out of 232 (46.1%) and 28 (13.8%) of controls). Femoral calcification was paralleled with that observed in the carotids and was the most prominent pattern the linear calcification (121 [60%]). We did not find a significant correlation between carotid and femoral linear calcification (correlation coefficient 0.09, P ϭ 0.16). However, the presence of type V atheroma plaques was highly and significantly correlated between carotid and femoral arteries (correlation coefficient 0.36, P Ͻ 0.001). Conversely, the presence of calcification in the brachial artery was significantly reduced, with no type V plaques, 14 patients (7.5%) with linear calcification, and 2 (1.1%) with calcification in the media. When we analyzed separately the results according to the presence of previous CVD, we found a significant increase in type V atheroma plaques and linear calcification in carotids and femorals of those with CVD compared with those without CVD (P Ͻ 0.05).
Variables Related to Linear Calcification on Dialysis
We evaluated the variables associated with the presence of linear calcification because it was the most prevalent type of VC (Table 3) . Patients with linear calcification were significantly older, predominantly male, and had a higher prevalence of previous CVD compared with patients without calcification. There were no differences in time of dialysis and in most of the classical cardiovascular risk factors (diabetes mellitus, BMI, systolic BP, and lipid profile). We did not find significant differences in terms of therapies with the exception for statin and acenocumarol use, which were significantly more prescribed in those patients with linear calcification. Conversely, patients with linear calcification had lower diastolic BP and a significantly higher CRP concentration than patients with no calcification. When we compared the results of atherosclerosis burden, patients with linear calcification presented higher cIMT and a higher number of plaques than those without VC.
Multivariate Analyses of VC (Table 4)
We then analyzed the variables related to the presence of linear calcification using multivariate analyses. Independent variables were selected from those analyzed with univariate analyses that were significantly related to linear calcification (Table 3 ; age, sex, previous CVD, smoking status, diastolic BP, CRP, cIMT, carotid plaques, and treatment with statins and Table 2 . (12) 10 (7) 4 (1.9) a 7 (7) 27 (19) 161 ( acenocumarol). We also included variables that are known to influence VC, such as calcium and phosphorus, PTH concentration, and the diagnoses of diabetes mellitus.
Being on dialysis and with previous CVD was the strongest variable associated with a significantly increased risk of having linear calcification in conduit arteries (odds ratio [OR]: 8.09 [2.67 to 24.5], P Ͻ 0.001). Being on dialysis without previous CVD was also significantly associated with a higher risk of linear calcification when compared with controls (OR: 7.77 [2.81 to 21.4], P Ͻ 0.001)). Similarly, age was positively associated with linear calcification. However, the multivariate analyses identified several protective variables. The absence of atherosclerosis (no carotid plaques) was significantly associated with a lower risk of linear calcification (OR: 0.13 [0.06 to 0.31], P Ͻ 0.001). Similarly, lower concentrations of CRP and serum phosphorus were associated with a lower risk of linear calcification.
Multivariate analyses did not find significant association with sex, diabetes mellitus, calcium, PTH, cIMT, and the considered therapies (statin and acenocumarol; data not shown in the table).
Discussion
Cardiovascular calcification is a strong predictor of cardiovascular events on dialysis patients (18) . We have studied the presence of VC in large arteries (carotid, femoral and brachial) using ultrasound with the aim to clearly identify the location of calcium and variables related with VC. Our results showed a significantly higher prevalence of VC in patients on dialysis compared with age-and sex-matched controls with normal kidney function. The most common pattern was a linear calcification located in the lumen-intima interphase in both groups of subjects, although it was more prevalent in dialysis patients than in controls (46.1% versus 13.8%, respectively). Our results showed that age and being on dialysis (with or without previous CVD) were the strongest factors associated with linear calcification. Conversely, lower levels of CRP and phosphorus impeded having VC. Moreover, linear calcification was highly associated with the development of atherosclerosis because the absence of carotid plaques was identified as a protective factor. Indeed, in those arteries with a low prevalence of plaques (i.e., brachial arteries), linear calcification was rarely observed (7.5% of patients on dialysis). These results are in accordance with previous published studies. In a study of 102 CKD patients who died of CVD, VC was predominantly found in the intima (11) . The presence of medial calcification was observed in only 7 of 102 studied patients. Variables related to the intima calcification were advanced stages of CKD, age, smoking, diabetes, calcium-phosphorus product, inflammation, and kidney function.
VC has been historically classified as (1) intima calcification associated with atheroma plaques and (2) medial calcification mediated by a switch of vascular smooth muscle cells (VSMCs) to a procalcification phenotype and associated with CKD and disturbances in the metabolism of calcium, phosphorus, and vitamin D (19) . However several potential flaws associated with this traditional view and the data on which it is based have to be considered. First, large arteries (carotid, femoral, brachial, aorta) are "elastic" arteries because their function is merely being a driver of the blood stroke. It implies a poor VSMC content in the media of these arteries (20, 21) . On the contrary, small, peripheral arteries are aimed at the regulation of blood flow in the tissue according to metabolic demands, and they present a dense layer of VSMCs. Previous studies clearly stated that large arteries are more prone to atherosclerosis development (22) , and small vessels (radial and digital) are more easily calcified (23) . These previous data support our results because large arteries presented VC in the intima, a process that has been highly related to the development of atherosclerosis.
Second, several research groups have studied the anatomic location of calcium in the artery wall, and they have found a singular pattern that corresponds to the calcification of the internal elastic lamina (IEL; a membrane of elastin and fibers that separate the intima and the media). Age was the strongest variable related to the calcification of the IEL, and kidney function and serum calcium concentration were not significantly associated (24) .
Third, previous clinical studies in VC have been performed using x-ray-based techniques (5-7) (plain x-ray, coronary computed tomography). These techniques are not sensitive enough to identify the exact location of calcium; consequently, attributing the calcification to calcified atherosclerosis or IEL/medial calcification is speculative. Conversely, ultrasound is able to identify structures with a different behavior when an ultrasound beam is applied; therefore, ultrasound is able to clearly differentiate the interphase lumen-intima and media-adventitia in the carotid, femoral, and brachial arteries.
Our results demonstrate for the first time that vascular ultrasound is very useful on dialysis patients, especially in the setting of a clear-cut division between the presence of calcium in the artery wall, whether it is located in the intima or in the media. This diagnosis should have clinical implications because the identification of linear calcification (intima calcification), which is related to atherosclerosis and inflammation, should prompt clinicians to strictly control cardiovascular risk factors. In that sense, current results of statins in patients under dialysis are not encouraging because they have not demonstrated a significant reduction in major cardiovascular events in the group of patients receiving atorvastatin (25) or rosuvastatin (26) . However, we should acknowledge that a significant proportion of these cardiovascular events are sudden death (160 of 469 in the 4D study), and this may negatively influence the final interpretation. Conversely, in a meta-analysis published in 2008, authors concluded that statins significantly reduce cardiovascular events in CKD-affected patients, although all-cause mortality remained unchanged (27) . Conversely, medial calcification should support the control of metabolic disturbances in terms of calcium, phosphorus, and vitamin D. However, we must highlight that, according to our results, low serum phosphorus concentration is a protective factor for developing linear calcification, and this might be interpreted as the influence of phosphorus on atherosclerosis. According to this hypothesis, a previous study showed that in subjects with normal renal function, serum phosphorus was positively associated with cIMT independently of traditional cardiovascular risk factors (28) .
Our work has several limitations. We have performed a cross-sectional study. We need to prospectively analyze the effect of such disturbances (linear calcification) in the incidence of cardiovascular events in this population. Our research protocol is underway, and we have planned to analyze in the near future the effect of the different patterns of VC in cardiovascular events.
Vascular ultrasound is able to clearly differentiate the intima, media, and adventitia of the vascular wall; therefore, we can also localize the abnormalities in these different structures. However, we cannot identify the IEL; therefore, trying to allocate the calcium in the intima or in the IEL might be purely speculative.
Moreover, we have focused our attention on patients on dialysis, and a broader approach, including different stages of CKD, is needed. In that sense, we have started a multicenter, observational study (NEFRONA project: http://www.nefrona.es) planned to recruit 2668 patients at different stages of CKD with a follow-up period of 4 years. Among the aims of the study is the identification, at every stage of CKD, of the significant variables related to the different phenotypes of VC (29) .
In summary, VC in large arteries is more prevalent in dialysis patients than controls, and it is predominantly a linear pattern located in the lumen-intima interphase. Age, dialysis, past medical history of CVD, atherosclerosis, and inflammation are variables significantly influencing VC, and further studies assessing the effect in cardiovascular events are necessary.
